Escherichia (E.) coli is the most commonly isolated organism in urinary tract causing >70% of uncomplicated and 25-50% of complicated urinary tract infections (UTIs) 
INTRODUCTION
primarily due to their large numbers constantly shedding in feces and promoting frequent urogenital contacts. E. coli inherently exhibits different attributes that make it survives under varying environmental conditions including short generation time and ability to metabolize a wide variety of carbon sources and ability to perform facultative anaerobic metabolism. However, only a few numbers of strains can successfully survive, colonize, and cause infection within the urogenital tract. A possible sequel includes pyelonephritis, which can lead to renal scarring and sepsis [3, 4] . Uropathogenic E. coli (UPEC) exhibits a set of specific virulence factors (VFs) involved in host cell attachment and invasion, biofilm formation, host cell cytotoxicity, iron acquisition, evasion of host defenses, and increased antibiotic resistance 5 . A number of virulence determinants enhance the ability of UPEC to colonize the urinary tract and exert cytopathic effects, including type 1 fimbriae 6 , P fimbriae 7 , adhesions 8 , hemolysin 9, 10 , cytotoxic necrotizing factor 1, 11 , flagella 12 , capsule polysaccharide 13 , lipopolysaccharide O antigen 14 , and TonB-dependent iron transport system 15 . During UTI, the outer membrane proteins of UPEC like porins (OmpA, OmpC, OmpX, NmpC, and LamB) and outer membrane assembly factors are overexpressed 16 .
More than 68% of Iranian healthy adult women and less than 10% of them are colonized by lactobacillus rhamnosus and lactobacillus crispatus separately during intimate contacts. Moreover, these two lactobacilli contribute to the formations of most vaginal microflora in women with lower chance of recurrent UTI 7 . Therefore, it is necessary to conduct a comparative study to clarify the roles of by-products of lactobacillus rhamnosus and lactobacillus crispatus in the prevalence of UPEC colonization in the urinary tract. The present study evaluates the effects of two potential probiotic strains of lactobacilli and their by-products on UPEC growth and expression of VFs d. Attachment of pyelonephritis-associated pili (PAP)is critical for UPEC colonization in upper urinary tract; therefore, 'cted adherent Pap operon for study. Our study aimed at investigating how lactobacilli by-products can affect pap fimbrial operon expression separately.
Fimbrial operons include PAP operons with 7-8 structural genes responsible for constructing Pap 17, 18 . P pili are associated with E. coli strains, capable of directly infecting upper urinary tract tissues 19 . PAP operons are controlled by a phase variation mechanism, in which individual bacterium could express (ON) or repress (OFF) fimbriae 19 . Phase variation in these operons is controlled at the transcriptional level by a complex epigenetic mechanism involving the formation of specific DNA methylation patterns similar to certain eukaryotic systems 20 . UPEC survival under environmental stresses such as increased acidity involves a number of factors aiming at maintaining membrane integrity and cytoplasm neutrality. Outer membrane proteins play a significant role in these processes by controlling the movement of compounds across the outer membranes 21, 22 .
MATERIALS AND METHODS

Study Requirements
In first step, more than 50 vaginal specimens were collected form adult healthy women. SMEL criteria were used to categorize the women into two healthy and patient groups. The healthy women were selected for lactobacillus preparation. Specimens were cultured in Man, Rogosa, and Sharpe (MRS) agar medium and then characterized by macroscopic and microscopic features through biochemical and molecular assessments to isolate Lactobacillus rhamnosuss and lactobacillus crispatus. UPEC isolate from a patient suffering from pyelonephritis was used as a wild-type UPEC. In addition, recombinant pET28a cloning vector containing lampyris turkestanicus (Iranian firefly) luciferase coding sequence (GenBank accession No. AY742225.1) was used. This cloning vector imposes restriction sites for BamHI and HindIII, flanking the luciferase coding sequence.
Lactobacillus Characterization
Because of the specific sugar fermentation patterns in lactobacilli, a set of sugar fermentation tests including Maltose, lactose, mannose, arabinose, fructose, cellobiose, melibiose, raffinose, rhamnose, sorbitol, sucrose, xylose, and trehalose were performed separately for the isolated wild-type and standard strains. For confirmation test, 16s rDNA amplification was conducted with the following specific primers: (Lacto) F: 5´-TGGAAACAGTGCTAATACCG -3´ and R: 5´-TCCATTGTGGAAGATTCCC -3´ for genus confirmation; (rhamno) F: 5´-TGCTTGCATCTTGATTTAATTTTG -3´ and R: 5´-GGTTCTTGGATTATGCGGTATTAG -3´ for lactobacillus rhamnosus confirmation; and finally (Crispa) F: 5´-TTACTTCGGTAATGACGTTA -3´ and R: 5´-GGAACTTTGTATCTCTACAA -3´ for lactobacillus crispatus confirmation.
Amplification of PAP Promoters
First, pap regulatory region (406 bp) was amplified by the following primers: primer PAPF1 containing BglII recognition site (PAP F 1 : 5´-TCAGATCTTCATCATCTCACTG-3´), and PAPR1 (PAP R 1 : 5´-CATGGATCCCCCTTCTGTCGGG-3) carrying BamHI recognition site underwent PCR with the fallowing conditions: Pre-denaturation at 94 °C for 3 min, denaturation at 94°C for 1 min, annealing at 57 °C for 1 min, and extension at 72°C for 1 min. This procedure was repeated for 35 cycles. Final extension was performed at 72°C for 3 min. Afterwards, OmpA promoter was amplified using OmpAF1 and OmpAR1 primers containing BglII and BamHI recognition sites. PCR was implemented under the same conditions with the exception of annealing temperature that was adjusted at 59 °C.
Construction of Recombinant Vectors
First, pET28a vector carrying luciferase coding sequence was double-digested with BamHI and BglII. Then, PAP-PCR product was double-digested with the same restriction enzymes. Both the vector and PCR products were ligated together to construct luciferase-controlled PAP on the new vector pETpap28a. The ligation mixture contained the following elements: 2 µl of double-digested vector, 10 µl of double-digested PAP regulatory region of PCR product, 1 µl of T 4 DNA ligase, 5 µl of dd water, and 2 µl of T 4 ligase buffer with a final volume of 20 µl at 16°C for almost 17h. After construction, recombinant vector was transformed into UPEC isolate to prepare light emitting reporter strains separately. The reporter construct only consisted of the regulatory region lacking any structural and regulatory genes in pET28a. Therefore, the expression of PAPluciferase construct was directly regulated by chromosomal regulatory proteins.
Bacterial Growth
The transformed bacteria were analyzed for growth and promoter activity during 24 hours of exposure to lactobacillus culture supernatant (Cs) in modified M9 (MM9) medium. To reach the standard growth conditions, the bacteria (UPECs) were cultured in 100ml Erlenmeyer containing 10 ml of M9 glycerol (M9 minimal medium consisting of 30 mM thiamine, 100 mM calcium chloride, 1 mM magnesium sulfate, and 0.2% glycerol as carbon source, pH 7). However, to assess the effect of lactobacillus Cs, the modified M9 medium including 0.1-1.5% of lactobacillus Cs was prepared.
Catalase test was carried out to clarify whether H2O2 had been secreted into culture supernatant. Moreover, the effect of a serial dilution (0.05-0.5% of H2O2 in MM9 medium) on pap promoter activity was assessed versus culture supernatant. Meanwhile, the effect of a serial dilution of pure lactic acid (0.1-1.5%) was evaluated versus culture supernatant. All the abovementioned bacterial growth conditions were considered for vaginal wild-type lactobacilli and standard control spices separately.
Measurement of bioluminescence activity
In this procedure, equal volumes (20 µl) of both overnight cultures of reporter strain and luciferin substrate solution were mixed in a luminometer cuvette. The emitted light intensity was measured at 530 nm according to bioluminescence unit (relative light unit per second (RLU/S)). Substrate solution was composed of (i) 4mM ATP solution, (ii) 2 mM D-luciferin, (iii) 5 mM MgSO 4 solution, and (iv) 50 mM Tris-HCl. In final step, pH of substrate solution was adjusted to 7.8 by Tris-HCl. The stock solution was kept frozen at -20 °C. All the samples were evaluated for light emission every 2 hours, when they had the same optical density.
RESULTS
Sugar fermentation pattern and molecular specification were used by the specific primers for lactobacillus characterization based on PCR test. Table 1 represents the results of sugar fermentation. There was no difference between the wild-type and standard strains. Amplification with the specific primers led to a 322 bp product for genus confirmation (Fig. 1) . In addition, 122bp and 966bp PCR products were separately amplified for Lactobacillus rhamnosus and Lactobacillus crispatus (Fig. 2 & Fig. 3 ).
Light emission was assessed after UPEC recombinant strain treatment under the conditions 4 : positive (standard) control described above. Lactobacillus culture supernatant used in the continuous mode was able to affect the pap promoter activity. In the case of lactobacillus rhamnosus, pap promoter activity was significantly increased to 0.1-0.3% Cs in MM9. Furthermore, the pap promoter activity decreased when exposed to 0.4-0.5% of Cs, showing an approximate stability of 0.6-1% of Cs. Afterwards, light emission was increased in MM9 medium with the exception of 1%, 1.1%, 1.3%, and 1.5% of Cs. The serial dilution of pure lactic acid in MM9 medium indicated significant decrease of light emission by an increase in lactic acid concentration. Considering H2O2 as a potent active ingredient in culture supernatant, light emission had no significant difference during exposure to 0.05-0.2% of H2O2 in the culture supernatant (1458 RLU/S). However, the pap promoter activity was decreased to 567 RLU/S when the recombinant reporter UPEC strain was influenced by MM9 medium including 0.5% of H2O2. No significant difference was found between the results of wild-type lactobacillus and the control strain.
In the case of lactobacillus crispatus, pap promoter activity was decreased continuously from 2015 RLU/S to 830 RLU/S as culture supernatant concentration was increased in MM9 medium. Exposure of the reporter strain to 1-1.5% of pure lactic acid was able to decrease light emission, finally turning it off. Considering H2O2 as a potent active ingredient in culture supernatant, light emission had at least a significant alteration during exposure to 0.05-0.2% of H2O2.
Pap promoter activity started to reduce when exposed to MM9 medium including 0.05% (1023 RLU/S) up to 0.2% (930 RLU/S) of H2O2. Interestingly, the pap promoter activity was increased by 0.3% of H2O2 in MM9 medium, resulting in a decrease in light emission. Yet, in the case of standard control strain, the pap promoter activity seemed to decrease continuously contrary to the increase in H2O2 content in MM9 medium. With the exception of H202, no other significant difference was witnessed between lactobacillus crispatus wild-type and standard strains.
CONCLUSION
Urogenital tract is constantly under assault by microorganisms. Usually, these microorganisms originate from the surrounding environment, especially the skin and feces. Nevertheless, from among various vaginal microbiota, only a selected number of pathogenic bacteria are able to readily colonize and cause infection [23] . Based on their presence in the vagina even in some healthy women, one would expect UPEC to play a major role in vaginal infections as well. The inhibitory effect of lactobacillus CS is presumably relates to lactic acid and hydrogen peroxide. The two potent inhibitors of UPEC growth support the protective role of lactobacillus against UPEC strains. Although lactic acid is a weak acid, it has been shown to exhibit potent antibacterial effects on numerous pathogens including UPEC, especially under nutrient-limiting conditions such as those observed in the vagina.
Our findings showed the inhibiting potential of lactobacillus CS, lactic acid, and hydrogen peroxide for UPEC Vf expression indicating the protective role of lactobacillus against UPEC strains. CS effects were likely beacuse of lactic acid since the results of both pH-balanced and -unbalanced CS mimicked those of lactic acid. Herein, we observed enhancement in concentrations not above 2% and almost 70% of growth reduction was measured to as little as 1.5%. Previous investigations have determined that 24-hour cultures of L. rhamnosuss GR-1 and L. reuteri RC-14 produce approximately 45 and 35 mM lactic acid, respectively [24] . Since the normal vaginal lactic acid content is typically measured between 10-50 mM, our results supported lactic acid play a major role in UPEC inhibition by lactobacilli within lactobacillus rhamnosus culture supernatant. Hydrogen peroxide is a potent antibacterial compound produced by many strains of lactobacilli 17 and has been shown to induce bacterial membrane stress 18 . Notably, both pHneutralized CS and lactic acid actually stimulate growth 17 . This can create varied complications in the urogenital tract, especially when amineproducing pathogens such as Prevotellabiviaare are present 6 . As amine production raises the vaginal pH, the lactobacilli produced by lactic acid may transform from an antibacterial compound to a carbon source for the organisms like UPEC that cause bacterial vaginitis associated with Prevotella. Also, our findings may offer some explanations as to why vaginal infections sometimes occur despite lactobacillus colonization. Our unpublished data promoted the facts about pap promoter different activities when an hns mutant of UPEC is exposed to lactobacillus CS in MM9 medium. In UPEC hns mutant, pap promoter exhibited a different activity compared to a wild-type UPEC strain. P fimbriae was constructed when a UPEC hns mutant was exposed to MM9 medium including 0.4-0.5% of Cs, while it was conversely decreased by 0.1-0.3% and 1%, 1.1%, 1.3% and 1.5% of CS in MM9 medium. It seems that hns protein plays a key role in up/down pap expression regulation of UPEC in response to environmental stresses. However, the reason for how L. rhamnosus and L. crispatus are able to up-regulate or down-regulate pap expression is not clearly explainable due to numerous potent environmental factors in pap expression.
The lactobacillus strains GR-1 and RC-14 have long been known to inhibit uropathogen adhesion 15, 16 . This is assumed as a mechanism by which UPEC colonization is limited. The latest findings show that lactobacilli can induce stress on UPEC outer membrane and thereby adversely affect fimbriae structure and adhesion besides upregulating the outer membranes of the two proteins OmpA and OmpX that play a role in stress response 13 . Lactobacillus presence appears to cause UPEC to produce porins so as to maintain osmotic balance and stability in the membrane. Both OmpA and OmpX are highly immunogenic 25 and their up-regulation may induce antimicrobial immune responses in the host. However, this test was not performed in this study. Yet, there is evidence of up-regulation of host antimicrobial factors following L. rhamnosuss GR-1 vaginal administer in a separate study 17, 10 .
DISCUSSION
Urogenital lactobacilli can antagonize UPEC strains, not necessarily through direct lethality, but via acidic growth inhibition, stress induction in the outer membrane, and environmental modification of a less conducive condition to UPEC thriving. This represents a further rationale for selecting probiotic lactobacilli that can prevent urogenital infections in women and finding new probiotic effects for the ecological treatment of vaginitis.
